The sequences of the P mRNA and protein of strain 18537 of antigenic subgroup B of human respiratory syncytial virus were determined by sequencing cloned cDNAs of intracellular mRNA. Comparison with the corresponding sequences of the A2 strain of subgroup A showed that there was extensive sequence identity at both the nucleotide (80% identity) and amino acid (90% identity) levels. The P proteins contained a single divergent region (52% amino acid identity) flanked by highly conserved domains (96% identity). The previously observed differences in electrophoretic mobilities between the P proteins of subgroup A strains and certain subgroup B strains could not be attributed to differences in the polypeptide Mr of the primary translation product.
The sequences of the P mRNA and protein of strain 18537 of antigenic subgroup B of human respiratory syncytial virus were determined by sequencing cloned cDNAs of intracellular mRNA. Comparison with the corresponding sequences of the A2 strain of subgroup A showed that there was extensive sequence identity at both the nucleotide (80% identity) and amino acid (90% identity) levels. The P proteins contained a single divergent region (52% amino acid identity) flanked by highly conserved domains (96% identity). The previously observed differences in electrophoretic mobilities between the P proteins of subgroup A strains and certain subgroup B strains could not be attributed to differences in the polypeptide Mr of the primary translation product.
Human respiratory syncytial virus (RSV) is the most important viral agent of serious respiratory tract disease in infants and children world-wide (Mclntosh & Chanock, 1985) . Two distinct antigenic subgroups of RSV, designated A and B, have been identified based on differences in reactions with monoclonal and polyclonal antibodies (Coates et al., 1966; Anderson et al., 1985; Mufson et al., 1985; Hendry et al., 1986; Gimenez et al., 1986) . The significance of this antigenic dimorphism to RSV vaccine development has been evaluated and discussed elsewhere (Johnson et al., 1987a; Stott et al., 1987; Walsh et al., 1987) . Information on the extent of naturally occurring structural diversity has also been of interest because the identification of regions of nucleotide and amino acid sequence conservation or divergence has provided an insight into the structure, function and evolution of RSV viral genomic RNA and its encoded proteins.
In work with the A2 strain of subgroup A, molecular cloning, sequencing and mapping studies identified 10 mRNAs and in each case a single major encoded protein has been identified (Collins et al., 1984 (Collins et al., , 1985 (Collins et al., , 1986 Collins & Wertz, 1985; Satake et al., 1984) . The 10 RSV proteins are the F and G glycoproteins, the small integral membrane protein SH (previously called 1A), the nonglycosylated M and 22K (or M2) proteins of the inner envelope, the large nucleocapsid protein L, the major nucleocapsid N protein, the nucleocapsid phosphoprotein P and the putative non-structural proteins 1C (or NS1) and 1B (or NS2) (Collins et al., 1984; Huang et al., 1985; Olmsted & Collins, 1989) .
Sequence analysis of the N, P, F, G and 22K genes from several other RSV strains from subgroup A confirmed that, within a subgroup, there were few nucleotide and amino acid differences (Lambden, 1985; Johnson et al., 1987 a; Baybutt & Pringle, 1987; Lopez et al., 1988; Johnson & Collins, 1989) . For example, the most divergent gene and protein sequences, those of the G gene and protein, have 96~o and 94~o sequence identity at the nucleotide and amino acid levels, respectively, between the subgroup A strains A2 and Long (Johnson et al., 1987a) . This overall high level of sequence conservation is consistent with the relatively high level of intrasubgroup antigenic conservation observed with monoclonal and polyclonal antibodies. In addition to the sequence analysis described above, a ribonuclease protection assay was used to demonstrate nucleotide sequence heterogeneity among subgroup A strains (Storch et al., 1989) , but the sensitivity of the assay remains to be defined. It is not clear whether the heterogeneity observed would be consistent with the 4~ non-homology between the G genes of the subgroup A strains A2 and Long determined by nucleotide sequencing (Johnson et al., 1987b) , or whether the extent of sequence diversity among subgroup A strains might be greater than previously appreciated.
In contrast, sequence analysis of the 1 C, 1 B, N, G, F and 22K genes of the subgroup B strain 18537 showed 0000-9234 © 1990 SGM Short communication that considerable polymorphism exists between the subgroups, with the level of nucleotide identity ranging from 67~ to 86~ and the level of amino acid identity ranging from 53~ to 96~ (Johnson et al., 1987a; Collins, 1988a, b, 1989 and unpublished data) . In particular, extensive sequence polymorphism was identified in the amino acid sequence of the ectodomain of the G protein and in the nucleotide sequence of the intergenic regions (Johnson et al., 1987 b; Johnson & Collins, 1988a) .
We now have extended this analysis to the P gene of strain 18537. cDNA clones from a cDNA library constructed in previous work were identified as virusspecific by differential hybridization (Johnson et al., 1987a) and were sequenced by the dideoxynucleotide method using synthetic oligonucleotide primers, cDNA clones of the P mRNA were identified by the high percentage of sequence identity with the previously published sequences of the P mRNAs of the subgroup A strains A2, Edinburgh and Long (Satake et al., 1984; Lambden, 1985; Lopez et aL, 1988) . Two strain 18537 cDNA clones were sequenced in their entirety: R4, which is a previously described cDNA of a readthrough transcript of the N and P genes (Johnson & Collins, 1988b) and E41, which initiated with nucleotide 12 of the P mRNA and otherwise contained the complete sequence, including a poly(A) tail. The two cDNAs contained a single nucleotide difference at nucleotide 907, which does not affect protein coding and is the last nucleotide in the sequence; this was A in R4 and C in E41. Two additional, independent cDNAs were analysed and were in agreement with E41, providing the consensus assignment of C at position 907.
The complete sequences of the strain 18537 P mRNA and P protein [5' to 3', exclusive of the poly(A) tail] are shown in Fig. 1 in a sequence alignment with the sequence for the A2 strain (Satake et al., 1984) . At the nucleotide level the two sequences were the same length and had 80~ identity. The mRNA start sequence was exactly conserved and the mRNA end sequence contained a single difference at nucleotide 905. As noted above, sequence polymorphism among the 18537 cDNAs existed at nucleotide 907, but the consensus of three of four cDNAs was identical to the corresponding nucleotide in strain A2. The nucleotide sequence of the open reading frame (ORF) had 85 ~ identity between the strains and the non-coding sequences, apart from the conserved mRNA termini, had 57~ identity. This is consistent with the general finding that the nucleotide sequences of ORFs and the putative transcriptional signals are relatively highly conserved, whereas noncoding sequences are poorly conserved (Johnson & Collins, 1988a, b) .
At the amino acid level the sequences were identical in length and shared 90% identity. Interestingly, 13 of the 23 amino acid differences were located within a single 27 residue region (amino acids 59 to 85). Within this divergent region there was only 52~ identity and thus the region is one of the two most divergent polypeptide domains reported to date, with the other being the G ectodomain (53~o identity) (Johnson et al., 1987a) . The cleaved signal peptide of the F protein is more divergent, but does not appear in the mature protein (Johnson & Collins, 1988a) . In contrast, the remainder of the amino acid sequence of P was highly conserved (96 ~ identity) and these conserved regions are similar to N in their high level of intersubgroup sequence identity (Johnson & Collins, 1989) . In previous comparisons of sequences from strains A2 and 18537 we examined the ORFs, tabulated the number of codons that had a single nucleotide change and quantified the frequency with which the change was silent at the amino acid level (Johnson & Collins, 1989) . The rationale was that polypeptide domains that were relatively intolerant of amino acid substitution would contain a higher frequency of silent single nucleotide changes, whereas a domain that was tolerant of amino acid substitution would have a higher frequency of coding changes. Codons that had more than one nucleotide change were not considered for the sake of simplicity. For the conserved regions of P, which represent 88~o of the molecule, 93~o of the nucleotide changes were silent, which is somewhat higher than the value of 90~ for the N and 1B proteins (Johnson & Collins, 1989) . This supported the interpretation that the general conservation of these coding sequences of the P mRNA reflects selective pressure to conserve the amino acid sequence. For the divergent region, 67~ of the single nucleotide changes were silent, supporting the interpretation that this protein domain is under less selective pressure for conservation.
The P proteins of strains A2 and 18537, whether extracted from infected cells or synthesized in vitro, differ in apparent M r on SDS-polyacrylamide gels, with the A2 P being approximately 3000 larger (Norrby et al., 1986; Morgan et al., 1987; Akerlind et al., 1988) . This difference has been suggested to be a distinguishing characteristic ot'the two subgroups (Norrby et al., 1986) , although some strains that appear to be of subgroup B have a P protein almost as large as that of subgroup A (Morgan et al., 1987; Akerlind et al., 1988) . The calculated Mr of the 18537 P protein was nearly equal (126 less) to that of strain A2 P, indicating that the difference in gel mobility could not be attributed to differences in polypeptide Mr. Instead, the observed differences in electrophoretic mobility might be due to differences in post-translational processing, such as phosphorylation, or to effects on protein conformation or ] T I mRNA end Fig. 1 . Alignment of the complete nucleotide and deduced amino acid sequences of strain 18537 (subgroup B)and strain A2 (subgroup A) P mRNAs and proteins. The alignments were made with the NUCALN and PRTALN programs of Wilbur & Lipman (1983) . For the A2 sequences on~ the nucleotides and amino acids that differ from the 18537 sequences are shown. The mRNA staa and mRNA end signals are boxed and identified. The shaded region is the higNy divergent domain described in the text.
detergent-binding due to certain amino acid differences. The idea that minor differences in amino acid composition of the RSV P protein could have a significant effect on electrophoretic mobility also was suggested by the previous finding that ts 1, a temperature-sensitive (ts) mutant of RSV strain RSN-2 of subgroup B, has a non-ts difference in the electrophoretic mobility of its P protein that is comparable to the subgroup difference (Pringle et al., 1981). The organization of the RSV P protein as two highly conserved domains separated by a short divergent region parallels the organization of the P proteins of Sendai virus and human parainfluenza type 3 (Chinchar & Portner, 1981; Hsu & Kingsbury, 1982; Despande & Portner, 1985; Vidal et al., 1988; Spriggs & Collins, 1986) . In these latter viruses the N-terminal conserved region contains most of the phosphorylation sites (Hsu & Kingsbury, 1982; Vidal et al., 1988) and is exposed to proteolysis when nucleocapsids are treated with trypsin. The C-terminal conserved region contains a 40K trypsinresistant core. The observation that the trypsin-treated nucleocapsids retained almost complete transcriptional activity in vitro indicated that the C terminus contains a domain that can fulfil the role of P in transcription. The RSVP protein is much smaller than the P proteins of these viruses and does not have unambiguous sequence relatedness, but it might be that the general organization is similar in having two functional domains separated by a short divergent spacer region. On the other hand, the evidence that RSVP is relatively highly conserved between the subgroups differs from the observation that the P proteins of the morbillivirus and paramyxovirus genera are some of the less well-conserved proteins (Spriggs & Collins, 1986) .
'RNA editing' during transcription of the P genes of simian virus 5, measles virus and Sendai virus gives rise to two forms of the P mRNA (Thomas et al., 1988; Cattaneo et al., 1989 and personal communication by S. Vidal & D. Kolakofsky, cited in the latter reference). For Sendal and measles viruses one mRNA is the exact complement of vRNA and encodes the predicted P and C proteins. A second species contains the insertion of non-templated nucleotides at a single site, which changes the reading frame and gains access to an internal ORF. The resulting chimeric ORF encodes the chimeric V protein, which consists of the N-terminal regions of the P protein fused to a cysteine-rich domain encoded by the internal ORF. Sequence comparisons suggest that this coding strategy might be common among members of the paramyxovirus and morbillivirus genera (Cattaneo et al., 1989) . The P mRNA of RSV, of the pneumovirus genus, does not appear to contain a similar internal ORF encoding a cysteine-rich sequence. The most likely counterpart in the A2 sequence (Satake et al., 1984 ) is a 39 amino acid internal ORF (reading frame 2, nucleotides 449 to 569), which has two histidine and three cysteine residues. This ORF also is present in the strain 18537 sequence, where it is six codons longer, has 64~ identity for the encoded amino acid sequence and contains one histidine residue (which does not align with the ones in the A2 sequence) and three cysteine residues (two of which align with counterparts in A2). This is not suggestive of a conserved sequence motif similar to that of the V protein and also the RSVP proteins of both subgroups lack cysteins residues. BAYnUa-r, H. N. & PRINGLE, C. R. (1987 
